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Experience of recent years has demonstrated that the chick embryo at vari- 
ous stages of its development provides not only a suitable environment for the 
culture of many pathogenic microorganisms but is also susceptible to infection 
by them.  Moreover, when introduced into the embryo by any one of the sev- 
eral available routes of entry, each type of organism behaves in its own peculiar 
manner and the reactions of the embryo to its presence  are characterized by 
the development of lesions distinctive for the particular infection (1).  The 
various infectious diseases which may thus be experimentally induced in this 
relatively uniformly susceptible host are specific and have thus far in most in- 
stances proven to simulate in many of their fundamental aspects those features 
which characterize them in the naturally susceptible  host  (1,  2).  For this 
reason it has been possible to compare the behavior of pathogenic microorgan- 
isms in an effort to elucidate some of the early stages of the infectious process 
and to ascertain some of the behavior patterns which are responsible for simi- 
larities or differences in the manifestations of the disease caused by them (3-7). 
We have recently had the opportunity for observing  the behavior of five 
types of bacilli which for various reasons have been considered to be more or 
less closely related to each  other, namely Bacterium tularense,  Brucella  suis, 
abortus, melitensis,  and PasteureUa pestis. 
EXPERIMENTAL 
Embryos of 12 day incubation were used for this comparative study.  In- 
oculations were made by transferring a loopful of a 48 hour slant culture of the 
microorganism  to  the  surface  of the  chorio-allantois.  Embryos with  their 
membranes were killed at 24 hour intervals following inoculation by fixation in 
Zenker's fluid, (10 per cent acetic acid).  After embedding in paraffin the sec- 
tions of the infected membranes and cross-sections of the embryos in toto were 
stained with hematoxylin and eosin for routine study.  Selected sections were 
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stained with Wright's stain as described by Goodpasture and Anderson (4) for 
demonstrating the presence of microorganisms. 
The strain of B. tularense  was isolated by guinea pig inoculation and subse- 
quent culture on cysteine blood agar from a  human case of the disease  which 
came to autopsy at  the Vanderbilt  Hospital.  The strain  of Br. suis was iso- 
lated by culture under appropriate conditions from the blood of a patient with 
clinical undulant fever at the Vanderbilt Hospital.  The strain of Br. abortus, 
and the strain of Br. melitensis were obtained from the Central Brucella Station 
of the Michigan State College.  The strain of P. pestis was obtained from Dr. 
R. R. Parker at the Rocky Mountain Laboratories of the United States Public 
Health Service. 
Bacterium tularense 
Only one passage of this microorganism in the embryo was studied. 
Embryos did not survive infection by the membranal route longer than 80 hours. 
The  gross  appearance  of  the  infected  membrane  has  no  distinguishing  features. 
The inoculated area in the early stages shows thickening due to edema, small pin- 
point areas of focal thickening in the ectoderm, and focal hemorrhages.  These are 
soon obscured by the collection of a  heavy inflammatory exudate which in the later 
stages forms a  thick opaque yellow plaque. 
At the 24 hour period the reaction to the infection is limited to the chorio-allantois 
at  the site  of inoculation.  Numerous  foci of necrosis in the ectoderm surrounded 
with  proliferating  ectodermal  epithelial  cells  are  present.  A  moderate  number  of 
polymorphonuclear cells have  accumulated in and around these foci.  In the meso- 
derm  directly  underneath  these  areas  there  are  small  extravasations  of red  blood 
cells.  A few of the microorganisms may be  detected on the surface of the ectoderm, 
especially where a few red blood cells are present.  The majority are present however 
within  the cytoplasm of swollen  ectodermal  epithelial  cells  in the  center or at  the 
periphery  of the  focal areas  of reaction.  The  microorganisms  completely fill  the 
cells and distend them to two or three times their normal size.  The nuclei are pushed 
over to the periphery and in the early stages of  parasitization  retain  their  normal 
staining capacity, but later become pyknotic.  As the bacilli  increase in number the 
invaded cells rupture leaving a spherical clump of bacteria from which the infection 
spreads to other cells of the ectoderm. 
At 48 hours following inoculation practically all the ectodermal cells have become 
invaded.  Many  of  the  microorganisms  are  liberated  by  cellular  breakdown  and 
become  surrounded  by  mononuclear  cells  and  a  few  polymorphonuclears.  They 
rapidly disappear from areas  in which a  purulent  exudate is present but no phago- 
cytosis by polymorphonuclear leucocytes is observed.  There is marked injury to the 
vascular bed underlying the ectoderm and throughout the mesoderm, as evidenced 
by capillary thrombosis and hemorrhage. 
At the 72 hour period focal necrosis of the mesoderm develops either as the result 
of vascular thrombosis or of diffusible  injurious substances.  In these areas the bacilli 
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of the areas of necrosis where the cells are viable no microorganisms are present except 
as  small  aggregations within  the  cytoplasm of fibroblasts and large mononuclears. 
Throughout the mesoderm there are numerous focal nodular proliferations of mono- 
nuclears  and  fibroblasts.  These  granulomata  are  particularly  pronounced around 
the blood vessels. 
By the 80 hour period there  is  marked extension of the areas  of necrosis in the 
mesoderm and a great abundance of bacilli is present in these areas among the necrotic 
debris.  Extension  of the  microorganism to  the  viable  areas  is  only noted  within 
the cytoplasm  of  fibroblasts  or  mononuclears.  Throughout  the  entire  period  of 
infection no invasion of the cells of the endoderm is observed. 
Invasion of the blood stream occurs between the 24 and 48 hour period.  Focal 
lesions  develop within  the  myocardium,  smooth  muscle  of the  gizzard,  the  liver, 
spleen,  and kidneys of the embryo.  These consist of foci of necrosis in and around 
which small clumps of the microorganism are present.  At the  80 hour period  the 
endothelium lining the glomeruli is flled with microorganisms and they can also be 
demonstrated  within  an  occasional hepatic  parenchymal  cell.  In  the  majority  of 
the  necrotic  foci  the  microorganisms  are  extracellular.  Only  slight  inflammatory 
reaction is  noted in these areas.  It is not clear whether these loci develop on the 
basis of a previous intracellular growth of the microorganism or as the result of small 
capillary thrombi which are responsible for small areas of necrosis favorable to the 
growth of bacilli. 
Brucella suis 
This strain  of Br. suis has been propagated in the chorio-allantois through 
40 serial passages.  In respect to its infectivity for the embryo and its cultural 
and serological characteristics  its  behavior has  been  quite  uniform. 
The gross character of the membranal reaction is not very striking.  Edema and 
small focal hemorrhages in the inoculated area are the most frequent feature.  Very 
little opacity resulting from the accumulation of inflammatory cells develops.  The 
majority of embryos survive 96 to 120 hours following inoculation after which time 
they rapidly die.  A  few have survived 6  days and longer.  Cultures  of the heart 
blood of embryos at  72 hours and over invariably show the presence of the micro- 
organism. 
Microscopically relatively slight  reaction  takes  place  before the  48 hour period. 
At 24 hours a few microorganisms can be detected in the fluid on the surface of the 
ectoderm  but  no  necrosis  or  inflammation  is  present.  A  few  small  collections  of 
extravasated  red  blood  cells are seen  directly  beneath the ectoderm.  At  48  hours 
a  moderate  cellular  exudate  consisting  of  a  few  polymorphonuclears and  numer- 
ous  mononuclears  is  present  in  the  mesoderm  directly  beneath  the  ectodermal 
cells.  The microorganisms are observed at this time within the cytoplasm of large 
mononuclears and also within an occasional ectodermal epithelial  cell.  These  cells 
are greatly distended by large numbers of the small microorganisms.  Focal hemor- 
rhages are abundant throughout the mesoderm.  The infection progresses with rela- 
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are parasitized.  At the 72 to 96 hour period a preponderance of the microorganisms 
is present within the  cytoplasm of the  endothelial cells lining the  capillary plexus 
which directly underlies the ectoderm and also in those of many of the veins scattered 
throughout  the  mesoderm.  These  infected  cells  are  distended  enormously  and 
eventually burst.  The infection extends from cell to cell and in many instances the 
entire vessel wall is outlined with endothelial cells distended with microorganisms. 
During the earlier passages in the membrane many of the mesodermal vessels exhibit 
a  response to  the presence of the bacilli which is characterized by endothelial cell 
proliferations which form papillary projections in the lumen at times causing complete 
occlusion.  This  response in many instances is observed to  be associated with  the 
presence of a small number of bacilli within some of the endothelial cells.  Coincident 
with the invasion of mesodermal endothelium there is marked activity on the part 
of mononuclears and fibroblasts which form granulomatous nodules which are espe- 
cially prominent about the blood vessels.  The centers of some of these granulomata 
undergo  necrosis.  The  microorganisms  if  present  are  seen  within  fibroblasts  or 
mononuclears at the periphery of these lesions and not in the intercellular spaces or 
within the necrotic areas at their centers.  In areas where injury to the vessels has 
resulted in hemorrhage small numbers of bacilli multiply to some extent extraceUu- 
larly but  the  preponderance  of  proliferation proceeds  within  cells  of  mesodermal 
derivation.  Inflammatory  reaction  is  slight,  consisting  chiefly  of  large  mono- 
nuclears  and  a  few  polymorphonuclear  leucocytes.  Hemorrhage  from  damaged 
vessels is a prominent feature.  The bacilli gain access to the allantoic fluid in which 
they proliferate and are in contact with the entoderm, but no invasion of these cells 
occurs.  In embryos surviving 5 to 6 days the membranal lesion consists almost exclu- 
sively  of  mesodermal  granulomata.  The  bacilli are  not  demonstrable  in  great 
numbers.  The  factors  responsible  for  this  proliferative reaction  on  the  part  of 
the mesodermal elements are not understood at present. 
The involvement of the endothelial cells lining the blood vessels leads to dissemina- 
tion of the infection to the  embryo by way of the circulating blood.  Although the 
majority of the embryos die during  the 96 to  120 hour period, presumably because 
of this blood stream  invasion, the surviving embryos sacrificed at this time do not 
all show  evidences of localization in  the  form  of  focal lesions  associated with  the 
presence of the bacilli.  In a  significant number of  embryos this does occur and in 
these instances the infection  proceeds by the localization of the bacilli within cells 
of various organs and most prominently in the liver, kidneys, spleen, and myocardium. 
Focal areas of necrosis begin to appear during the 48  hour to  72  hour stage in the 
liver and spleen.  In the liver many of the  endothelial cells lining the sinusoids and 
the hepatic parenchymal cells in these areas are greatly distended by large numbers 
of  bacilli within  their  cytoplasm.  In  the  spleen  the  sinusoidal endothelium  and 
especially the large mononuclears are filled with bacilli, apparently initial to areas of 
focal necrosis.  The glomeruli of both meso- and metanephros stand out prominently 
because of the marked invasion of their endothelial cells by the bacilli.  In the myo- 
cardinm the focal lesions originate with the invasion of capillary endothelium.  Pro- 
liferative and necrotic changes due to invasion of vascular endothelium are present 
in various other organs and tissues. 
In some of the embryos which  survived 5 and  6 days following inoculation granu- G.  JOHN BUDDINGH AND FRANK C.  WOMACK~ JR.  217 
lomatous foci are present within the spleen.  There are areas of focal necrosis in the 
liver.  Perivascular granulomata are present in the meninges.  A proliferative epen- 
dymitis has  also been  observed.  Microorganisms have  not  been  demonstrated in 
these lesions either intra- or extracellularly.  More observations and further detailed 
study will be  required before the  pathogenesis of  these lesions can  be  elucidated. 
Brucella abortus 
The observations on the behavior of this strain of Br. abortus  are limited to 
one passage in the chorio-allantois. 
Embryos infected by this route do not survive longer than 96 to 120 hours.  The 
gross characteristics of the membranal lesion are indistinguishable from those pro- 
duced by infection with Br. suis. 
Microscopically relatively slight reaction is observed in the chorio-allantois until 
48  to  72  hours following inoculation.  Practically no destruction of ectodermal epi- 
thelium has taken place although many of these cells are filled with microorganisms. 
In comparison with Br. suis the microorganisms of this strain are present to a greater 
extent within mononuclears and fibroblasts of the mesoderm.  Invasion of vascular 
endothelium is marked  but does not  constitute as  prominent  a  feature.  There  is 
less destruction of  endothelium and a  proliferative reaction with the  formation of 
endothelial thrombi is  encountered much  more frequently.  In  the  later stages of 
the infection there is marked perivascular proliferation of fibroblasts forming granu- 
lomatous nodules. 
Spread of the infection from the chorio-allantois to the embryo occurs during the 
period from 48  to  72  hours.  This invasion is predominantly intracellular and can 
be observed to have spread along the endothelium of the large vessels leading from 
the membrane to the visceral vascular channels.  Marked involvement of the liver, 
kidneys,  spleen,  and  myocardium  results.  Microorganisms  prominently  fill  the 
cytoplasm of numerous endothelial cells lining the sinusoids of the liver and the capil- 
laries of the kidney glomeruli.  Extension of the infection to the hepatic parenchymal 
cells predominates the generalized infection.  Focal areas of necrosis develop in the 
liver as  a  result  of  the  parasitization of  the  cellular elements.  In  the  spleen  the 
sinusoidal endothelium presents the primary focus of localization with resulting focal 
areas of necrosis and fibroblastic proliferation.  The occasional lesions observed in 
the myocardium also appear to develop as the result of capillary thrombosis secondary 
to localization of microorganisms within endothelial cells. 
Brucella melitensis 
This strain has thus far been studied through only one passage in the chorio- 
allantois. 
Embryos have not survived the infection longer than 90 to 120 hours after inocu- 
lation.  The  gross appearance of  the  lesion is characterized by swelling and  focal 
hemorrhages  in  the  inoculated area  within  24  hours.  Much  more  inflammatory 
reaction develops than with Br. suis and Br. abortus and the infected membrane rapidly 
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Microscopically it is  observed that Br. melitensis  proliferates  much more rapidly 
in the early stages than do Br. suis and abortus.  At 24 hours numerous loci of pro- 
liferated ectodermal epithelial cells are noted within many of which the microorganisms 
are present.  Necrosis of the parasitized  cells occurs early.  An inflammatory infil- 
tration consisting predominantly of large mononuclears and a few polymorphonuclears 
develops.  Many of the  mononuclears  are  filled  with  microorganisms.  The  para- 
sitization and necrosis of ectodermal epithelial  cells are largely limited  to the outer 
surface of this layer.  There is less evidence of the presence of a diffusible  substance 
which produces any appreciable  injury adjacent  to the parasitized  cells.  The pres- 
ence of bacilli  in cells  of the mesoderm other than  the large mononuclears has not 
been observed.  The capillary and other vascular endothelinm is not invaded by this 
strain of Brucella.  At the 48 hour period there are areas of ulceration in the ectoderm 
resulting from the destruction of parasitized epithelial cells.  The microorganisms are 
present in large numbers extraceilularly and a profuse inflammatory exudate is present 
on  the  ulcerated  surface  and  throughout  the  mesoderm  directly  underneath  the 
injured  areas.  No invasion  of mesodermal  cells  has  occurred but  the presence  of 
the microorganism or some other factor has been responsible for a  very active pro- 
liferation  of mesodermal  fibroblasts  which  have  grown  out  between  the  capillary 
plexus  normally found directly beneath  the  ectoderm and  the  infected ectodermal 
epithelium  forming a  relatively  wide  zone which separates  the  infection from  the 
underlying layers and the vascular bed.  Isolated granulomatous nodules of fibro- 
blasts  especially  about  the  blood vessels  are  scattered  throughout  the  mesoderm. 
No microorganisms are observed in or around these lesions. 
The majority of the embryos infected with this strain die within  72 to 96 hours 
following inoculation.  No invasion of the embryo marked by focal lesions or intra- 
cellular microorganisms has been observed, although cultures from the heart's blood 
are positive after  24 hours, 
Pasteurella pestis 
This microorganism proliferates rapidly and the embryos die from the infec- 
tion within 48 to 72 hours following inoculation of the chorio-allantois. 
At the 24 hour period numerous focal proliferations of the ectodermal epithelium 
are present; a few dumps are observed; slight hemorrhage and edema have developed 
in the mesoderm.  At 48 hours an overwhelming proliferation of the microorganisms 
has occurred.  The great preponderance of them are present extracellularly,  on the 
surface and extending into the mesoderm.  Extensive  ulceration of the ectodermal 
epithelium  has  taken place,  but within  several loci proliferation of these  cells  has 
occurred and within many of them clumps of bacilli are present within the cytoplasm. 
The intraceUular microorganisms usually are much smaller and more deeply stained 
than  the  extraceUular  ones.  Extension  of  the  infection  by  direct  spread  to  the 
intercellular spaces of the mesoderm and into the blood vessels  occurs. 
The microorganisms are for the most part growing in large clumps surrounded by 
a  thin layer of hemorrhage and inflammatory cells.  The inflammatory reaction to 
their presence is not marked.  Phagocytosis by the large mononuclears of the meso- 
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but there is marked injury to the vessels and profuse hemorrhage is one of the chief 
features of the membranal lesion. 
The bacilli gain ready access to the blood stream and invade the embryo.  The 
liver is the chief site in which they localize.  Here they form large dumps of micro- 
organisms  growing free within the liver sinuses around which no necrosis or inflam- 
matory reaction develops.  Other organs do not show any evidences of localization. 
DISCUSSION 
These  experimental  observations  add  to  the  constantly  increasing  list  of 
bacteria and viruses which can be successfully cultured and which induce char- 
acteristic infections in the chick embryo.  The importance of having a  rela- 
tively uniform host in which infectious diseases of widely divergent or more 
closely related etiology can be experimentally produced and compared has not 
as  yet  received  sufficient  general  recognition.  The  observations  presented 
here describe some of the outstanding features of certain experimental infec- 
tions and as such are preliminary to a more thorough analysis of the process as 
a whole.  Though as yet limited in scope they afford an insight into the behav- 
ior of these microorganisms which may be of a fundamental nature. 
For the pathogenic microorganisms concerned in this report these observa- 
tions emphasize their behavior especially in relationship to the  host cell.  In 
this respect they exhibit varying degrees of facultative intracellular parasitism. 
The more general implications of these phenomena have been recently brought 
under broader discussion by Goodpasture (8).  The capacity of B. tularense to 
multiply within the hepatic cells and endothelium of guinea pigs was first dem- 
onstrated by Councilman and  Strong  (9).  This behavior was later observed 
in the epithelial cells of the gut of the tick Dermacentor andersoni by Francis 
(10).  The description by Theobald Smith  (11)  of the multiplication of Br. 
abortus within the chorionic epithelium of the cow's placenta was the first in- 
dication that this microorganism could adapt itself to an intracellular environ- 
ment.  Goodpasture and Anderson  (4)  later observed this  same  type of be- 
havior with infection of the chorio-allantois of the developing chick embryo. 
Although  many  of  the  clinical  and  pathological features  of plague  seem  to 
indicate  a  resemblance between it and  tularemia no observations have been 
made which indicate that P. pestis has the capacity to grow within the cells of 
its mammalian hosts or its vectors. 
Upon this adaptation to intracellular environment/~, tularense and the Bru- 
cello6 apparently depend for their survival and increase during the early stages 
of infection.  This fact directly concerns the behavior of these microorganisms 
at the portal of entry in their natural hosts regarding which relatively little is 
known.  But it seems not unlikely that in certain types of infection with B. 
tularense  and  with  the Brucella  this  adaptation  provides a  sufficiently large 
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eralization of the disease can ensue.  The chronicity of these infectious dis- 
eases might be well accounted for by the capacity of the microorganisms for 
intracellular growth,  an environment which  is generally regarded as uninflu- 
enced by immune substances and by most therapeutic agents.  That B.  tula- 
rense and different strains of Brucella show selective affinities for different types 
of cells may be of epidemiological and certainly of pathological significance. 
P. pestis exhibits less selectivity in its environmental requirements and pro- 
liferates with great rapidity in the tissue and circulating fluids.  The behavior 
of this microorganism in the embryo can readily be correlated with that de- 
scribed in the human disease (12).  In respect to its relationship to  the  host 
cell it exhibits a  large measure of independence.  It is evident from the ap- 
pearance of the microorganism which under certain circumstances is present 
within the cytoplasm of ectodermal epithelial cells that  the intracellular en- 
vironment is inimical rather than favorable to its growth.  As such it behaves 
as an extracellular parasite and this character combined with its adaptation for 
rapid proliferation and spread in various environments of this type differentiate 
it sharply from B. tularense  and the Brucella. 
Although  tularemia  has  often been  designated  as  a  "plague-like  disease" 
there is at present no agreement regarding the systematic position of Bacterium 
tularense.  Bergey (13)  classifies  it as a Pasteurella tularensis and this designa- 
tion has been accepted by Holmes (14)  and others.  Serological, cultural, and 
other considerations have led Francis (13)  as well as Zinsser and Bayne-Jones 
(16)  to place it in a semi-independent position as Bacterium tularense.  Topley 
and Wilson (17) state that it probably should be assigned to the Brucella group. 
While the present observations are not considered to constitute a  basis for 
classification they indicate that in respect to its relation to the host cell B. tula- 
rense exhibits a behavior like that of the Brucella rather than that of P. pestis. 
The capacity for intracellular parasitism by P. pestis has not been observed in 
either the natural or experimental hosts or in its insect vector and does not 
constitute a prominent aspect of its behavior in the membrane.  This micro- 
organism is much less selective in its environmental requirements in vivo and is 
cultured much more readily on artificial media than are the Brucella and B. 
tularense. 
Observations of this nature are primarily lessons in parasitism.  They more 
strictly involve problems of host-parasite relationship which are pertinent at 
least during the early stages of the infectious process.  Comparative studies of 
this type in the chick embryo in which the early stages of infection are readily 
accessible should bring out differences in behavior which may explain varia- 
tions which occur in the natural disease produced by different strains of those 
microorganisms in man and animals.  Thus from more extensive surveys it is 
to be hoped that a  concept may be derived which would be more germane to 
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SDqWMAR¥ 
1.  Comparison of the  infections of chick embryos by the  chorio-allantoic 
route indicates that Bacterium tularense  and Brucella suis,  abortus,  and  meli- 
tensis exhibit varying degrees of facultative intraceUular parasitism.  Pasteur- 
ella pestis is adapted to rapid proliferation and spread in the intercellular fluids. 
~2.  In the early stages of infection Bacterium tularense  has a marked affinity 
for growth within ectodermal epithelial cells.  Brucella suis and Brucella abor- 
tus differ in their selectivity for ceils of mesodermal derivation and especially 
in  their  effect on  vascular  endothelium.  The  strain  of Brucella  melitensis 
studied is limited in its intracellular growth to ectodermal epithelium. 
3.  Many of the features characteristic of these infections in the natural hosts 
are reproduced in the chick embryo and its membranes. 
4.  The possible implications regarding the differences in behavior of these 
microorganisms in relation  to  the problem  of infection and pathogenesis  of 
these diseases are discussed. 
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EXPLANATION OF PLATES 
P~TE  10 
FIG.  1.  Chorio-allantois.  24 hour infection with B.  tularense.  The infection at 
this  stage  is  focal in  character and limited  to  the  ectoderm.  A  slight  amount  of 
inflammatory reaction and a few hemorrhages are present in the mesoderm.  Wright's 
stain.  ×  120. 
l~.  2.  Chorio-allantois.  48 hour infection with B. tularense.  The infection has 
spread to the entire ectodermal layer of which all the cells are parasitized.  There is 
necrosis  of  the  underlying  mesoderm.  Most  of  the  capillaries  and  small  blood 
vessels  are thrombosed.  Wright's stain.  X  250. 
FIGS. 3  and  4.  Ectodermal epithelial  cells  completely filled  and  distended  with 
B.  tularense.  Wright's stain.  X  2000. 
Fit.  5.  Chorio-allantois.  96  hour  infection  with  Br.  suis.  There  is  relatively 
slight injury to the ectodermal epithelium but the underlying capillary bed is sharply 
outlined by the presence of the bacilli within the endothelial lining cells.  Wright's 
stain.  X  300. 
Fro.  6.  Chorio-allantois.  96  hour  infection  with  Br.  suis.  Above  are  several 
parasitized  ectodermal  epithelial  cells  while  directly  beneath  are  endothelial  ceils 
lining the capillary plexus, which are filled with the bacilli.  Wright's stain.  X 2000. 
Fit.  7.  Chorio-allantois.  72  hour infection with  Br.  suis.  A  large mesodermal 
vein  with  necrosis  and  proliferation  of  the  endothelial  lining.  Wright's  stain. 
X  500. 
Fro. 8.  Part of the endothelial lining of vein in Fig. 7 showing the cells distended 
by the bacilli  in their cytoplasm.  Wright's stain.  X  2000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  74  PLATE  10 
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FIG. 9.  Chorio-allantois.  72 hour infection with Br. abortus.  An artery showing 
the papillary proliferation of the endothelium.  There is less destruction of endothe- 
lium than in Fig. 7.  Hematoxylin and eosin stain.  X  120. 
FI(~.  10.  Proliferative  reaction  of  endothelial lining  almost  occluding  a  small 
vein in chorio-allantois following infection with Br. abortus,  72 hours.  Hematoxylin 
and eosin stain.  X  550. 
FIG. 11.  Liver from embryo infected by way of the chorio-allantois with Br. abortus. 
Many of the endothelial cells lining the sinuses and the liver parenchymal cells are 
conspicuous because they are densely packed with bacilli.  Wright's stain.  X  225. 
FIG.  12.  An endothelial cell lining a  liver sinus filled with Br. abortus.  Wright's 
stain.  X  2000. 
FIG. 13.  A liver parenchymal cell filled with Br. abortus.  Wright's stain.  X 2000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  74  PLATE  11 
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FIG.  14.  Chorio-allantois.  24  hour infection with Br.  melilensis.  There is pro- 
liferation and necrosis of the superficial cells of the ectoderm.  Several of the epithe- 
lial ceils and some mononuclears are filled with bacilli.  There is hemorrhage in the 
underlying mesoderm.  Wright's stain.  X  120. 
FIG. 15.  Chorio-allantois.  48 hour infection with Br. melilensis.  There is wide- 
spread necrosis  and parasitization of the ectodermal epithelium.  Numerous mono- 
nuclears are filled with bacilli.  Marked proliferation of fibroblasts has taken place 
between the infected ectoderm and the  capillary plexus,  Wright's stain.  ×  275. 
FIG.  16.  Chorio-allantois.  4~ hour infection with Br.  melitensis.  The ectoderm 
is completely necrotic.  A thick layer of mononuclears filled with bacilli has gathered 
in  the mesoderm.  Wright's stain.  X  250. 
Fro.  17.  Ectodermal epithelial cells containing Br. melitensis.  24 hour infection. 
Wright's  stain.  X  1800. 
FIG.  18.  Chorio-allantois.  48  hour  infection with  P.  pestis.  There  is  massive 
extracellular proliferation with destruction of the ectoderm and mesoderm at A.  A 
clump of mononuclears, filled with bacilli is seen at B.  At C a mass of bacilli is grow- 
ing in the mesoderm surrounded by a zone of hemorrhage.  There is marked hemor- 
rhage throughout the mesoderm.  Wright's stain.  X  75. 
FrG. 19.  A clump of P. pestis growing free in the mesoderm of the chorio-allantois. 
There  is  no  inflammatory reaction.  48  hour  infection.  Wright's stain.  X  356. 
FIG. 20.  P. pestis growing in clumps in the mesoderm surrounded by a  zone of 
mononuclears filled  with  the  bacilli.  48  hour infection.  Wright's stain.  X  225. 
FIG.  21.  An  ectodermal  epithelial  cell  filled  with  P.  pestis.  Wright's  stain. 
×  1800. 
Fro. 22.  P. peslis growing in clumps within the liver sinus of an embryo 48 hours 
following  inoculation of the chorio-allantois.  Wright's stain.  ×  500. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  74  PLATE  12 
(Buddingh and  Womack: B. tularense, Brucella,  and P. pestis) 